Background: Cardiovascular disease is the leading cause of mortality in the western world and its treatment should be optimized to decrease severe adverse events.
Introduction
Recent records have shown that approximately 1 million individuals are hospitalized in the United States due to Non-ST-segment elevation acute coronary syndrome (NSTE-ACS) 1, 2 and an increase in its prevalence has been observed, when compared to ST-segment elevation acute coronary syndrome (STE-ACS) 3 , along with the increased use of medications such as beta-blockers, AngiotensinConverting Enzyme (ACE) inhibitors, angiotensin receptor II-blockers, thienopyridines and statins 3 -all associated with the use of troponin as a marker of myocardial necrosis 4 .
The elevation in this biomarker increases the risk of death and re-infarction in the first six months, when compared to troponin-negative patients [5] [6] [7] [8] [9] [10] . Thus, the rationale for this study Laboratory measurements of glucose, hemoglobin, hematocrit, leukocytes, creatinine, potassium and cardiac troponin I were performed at admission. Electrocardiographic changes, such as ST-segment depression when ≥ 0.5 mm in at least two contiguous leads or > 0.5 mm in one lead, in both, except aVR, were analyzed. We also analyzed the inversion of T waves, with amplitude ≥ 1.0 mm in two or more contiguous leads, except aVR. Inpatients were followed until a clinical outcome occurred or until discharge; after that, they were reassessed by telephone contact or by medical record for clinical outcomes at 180 days.
Regarding the statistical methods, descriptive statistics of absolute (n) and relative (%) frequencies were used for qualitative measures, whereas summary statistics of mean, median, standard deviation (SD) and 25 th and 75 th percentiles (interquartile range) were used for quantitative variables. Associations between qualitative measures and the groups were carried out as follows: positive (> 0.5 ng/mL) and negative troponin (≤ 0.5 ng/mL) and the use and non-use of ACE inhibitors before hospital admission were assessed by Pearson's chi-square 15 or Fisher's exact test 16 .
The nonparametric Mann-Whitney test 17 was applied to compare the quantitative measures between the two groups, due to non-normality of data
The variables for the logistic regression model were selected among those that has at least 70% of the observations (n ≥ 319), with absolute frequency of at least five occurrences per category, when qualitative measure, with a significance level < 15% (p < 0.15) in the two-dimensional analysis (univariate), and those which the researcher believed to be of clinical relevance for the assessed outcomes: Systemic Arterial Hypertension (SAH); dyslipidemia; unstable angina (UA); Acute Myocardial Infarction (AMI); prior Coronary Artery Bypass Surgery (CABG); congestive heart failure (CHF); cerebrovascular accident (CVA); typical pain on admission; creatinine and glycemia on admission; medications prior to admission (acetylsalicylic acid -aspirin, beta-blockers, statins, ACE inhibitors); and ST segment depression > 0.5 mm.
The stepwise backward method selected the variables for the final model. The results are shown as odds ratio (OR) and 95% Confidence Interval (95%CI) and descriptive level (p value). For the final model in the logistic regression analysis, only the variables with a significance level < 10% (p < 0.10) were maintained. The fit of the models was evaluated using C statistics (area under the Receiver Operating Characteristic curve -ROC) 18 . The level of significance was set at 5%. The software used was the Statistical Package for Social Sciences (SPSS), release 19.
Results
A total of 457 patients hospitalized with NSTE-ACS were included, of which 288 (63.0%) had UA and 169 (37.0%) non-ST-elevation myocardial infarction (NSTEMI). Among the study population, 291 were males (63.7%) with a mean age of 62.17 years (± 11.04), 390 patients (85.3%) had SAH, 347 (75.9%) had dyslipidemia and 160 (35.0%) were diabetics, in addition to other conditions (Table 1 ). Regarding medications, 242 patients (53.3%) received ACE inhibitors, 337 (73.9%) AAS, 289 (63.4%) received beta-blockers and other medications ( Table 2) . Due to the relevance of troponin in this study, the patients' demographic characteristics were observed, taking into account the cutoff value of this biomarker. Thus, it was observed that the troponin-positive patients were older (63.9% vs. 61.2%, p = 0.006), had more previous myocardial revascularization procedures (49.7% vs. 49.3% p = 0.034) and had ST-segment depression ≥ 0.5 mm in one or more leads, among others (Table 3) .
Of the 457 patients in the study, 319 (69.8%) underwent coronary angiography, of which 103 (32.3%) were submitted to percutaneous coronary intervention (PCI) and 43 (13.5%) to CABG.
According to the TIMI risk score 19 , 124 patients were classified as low risk (27.2%), 216 (47.2%) as intermediate risk, and 117 (25.6%) as high risk, showing that this is a population at high risk for cardiovascular events.
During hospitalization, 51 patients (11.2%) had complications, of which ten (19.6%) died, ten (19.6%) developed CHF, six (11.8%) had significant nonfatal cardiac arrhythmias, six (11.8%) had cardiogenic shock (CS), five (9.8) had re-infarction, four (7.8%) AMI, three (5.9%) acute pulmonary edema, three (5.9%) reversed cardiac arrest, two (3.9%) recurrent or refractory angina and two (3.9%), cerebrovascular accident (CVA). The cause of death was CS, AMI and septic shock (SS) in five, three and two patients, respectively. Within 180 days, the primary outcome measures were death from all causes and re-infarction, with a predominance of CS in 11 patients (39.2%) and AMI in eight patients (28.5%). A statistical analysis model was created according to which troponin levels were compared (> 0.5 ng / dL vs. ≤ 0.5 ng / dL), patients who used ACE inhibitors prior to hospitalization had, a negative beta coefficient (-0.520) and OR = 0.59, 95% CI = 0.35 to 0.99, with p = 0.048.
Discussion
This prospective study carried out in patients with NSTE-ACS demonstrated an association between prior use of ACE inhibitors and reduction in the levels of myocardial necrosis biomarker cardiac troponin I.
Previous studies have demonstrated the role of ACE inhibitors in preventing cardiac events in patients at high cardiovascular risk, with consequent reduction in morbidity and mortality [12] [13] [14] .
Troponin is considered the most sensitive and specific marker of myocardial necrosis for the diagnosis of AMI 20 , although this marker can be elevated in other clinical situations and thus hinder the differential diagnosis of patients with chest pain that seek emergency care 21 . In the 1990s, troponin caused a paradigm shift in the diagnosis 22 and prognostic implications in these patients when evaluated in the short, medium and long term [23] [24] [25] [26] [27] [28] .
In this sense, this study sought to correlate the use of ACE inhibitors with the release of cardiac troponin I in patients with NSTE-ACS, of which modulation of the RAAS would attenuate the harmful effects associated with excessive production of angiotensin II, both local and systemic. The several benefits would cover a broad spectrum, such as improved coronary and peripheral vasodilator activity, reduction of platelet activity, increased endogenous fibrinolysis and reduced inflammatory activity, among others, providing what might be called a cardioprotective effect [29] [30] [31] .
The first report on this subject occurred in a 2001 study by Kennon et al 32 , who evaluated the correlation between the use of ACE inhibitors and the reduction of troponin in patients with NSTE-ACS, associated with a genetic component (gene polymorphisms: DD, II, DI or ID). The population studied had demographic characteristics that were different from those observed in our study, as although there was a considerable percentage of previous AMI and diabetes, there were low rates of medication use prior to hospitalization, such as aspirin, beta-blockers, ACE inhibitors and statins, which is currently unacceptable for patients with this degree of cardiovascular risk.
Kennon et al 32 concluded that the use of ACE inhibitors reduced troponin levels by approximately 75% and that there might be an association between this reduction and the beneficial effects, both on vascular reactivity and the coagulation system. The genetic assessment showed no association between troponin levels and gene polymorphism (similar in the three groups). In contrast, patients in our study have higher cardiovascular risk, with history of prior ACS (60.2% vs. 27 34 developed the first national risk score for patients with NSTE-ACS. In this study, it was observed that the use of ACE inhibitors prior to hospitalization conferred "protection" to patients, which was confirmed by the presence of this variable in the final risk score model. The population of this research came from a database that was similar to that of the present study, both regarding the degree of cardiovascular risk and the use of medications prior to admission. However, those authors did not intend to correlate the use of ACE inhibitors and the presence of the biomarker cardiac troponin I and its possible clinical events during hospitalization, as well as in the medium and long term.
The benefits of using ACE inhibitors in patients with NSTE-ACS and STE-ACS have been widely confirmed in large clinical trials, especially in those with large infarcts and consequent left ventricular dysfunction [12] [13] [14] . Despite the obvious differences in their physiopathology, interesting results were observed in a retrospective study published in 2010 in patients with STE-ACS carried out in a single center in the United States, with 511 patients enrolled between 2004 and 2008 35 . Patients with a history of cardiovascular disease, either in the coronary, cerebral or peripheral beds, as well as those with diabetes were excluded; therefore, the study was on the margin of the exclusion criteria found in the real world. Nevertheless, it was the first study that attempted to correlate the benefit of ACEI prior to an STE-ACS event. Its results confirmed that patients taking ACE inhibitors, when compared to non-users, had lower levels of troponin at admission (79.8 ng/dL vs. 120.0 ng/dL, p = 0.016). From a medical viewpoint, this beneficial effect remained, regardless of the concomitant use of aspirin and statins.
In 2010, in a study carried out in Sweden, 87,241 patients that did not take ACE inhibitors prior to hospitalization (40, 549 with STE-ACS and 46,692 with NSTE-ACS) were assessed in the period between 1995 and 2005 36 . At hospital discharge, ACE inhibitors were prescribed to 36.5 % of the patients, whose clinical outcomes were evaluated up to a one-year period. The results corroborate previous studies [12] [13] [14] , with a mortality reduction of 24% in the period (p < 0.001). The risk of death at 1 year was lower in patients receiving ACE inhibitors (10.6% vs.12.1%, p < 0.001). Limitations of this study were notrandomized registration data, lack of control of comorbidities and treatments used (type and dose of ACE inhibitors), and the fact that clinical outcome evaluation was performed only in patients who survived hospital discharge.
In comparison, our study was prospective and 242 (53.3%) of the patients admitted used ACE inhibitors. Of a total of 28 deaths in 180 days, ten (6.2%) occurred during hospitalization, being higher in ACE inhibitor users (p = NS), in the elderly (p < 0.001), those with a history of CHF (NYHA ≥ II) prior to hospitalization (p = 0.042) and those with higher creatinine (p < 0.001). As limitations, we did not perform left ventricular dysfunction measurement and did not control comorbidities.
In 2011, researchers from the GRACE, GRACE2 and CANRACE studies performed a retrospective analysis from 1999 to 2008 with 13,632 patients 37 , correlating prior ACE inhibitors to hospitalization from STE-ACS (3,817 patients) and NSTE-ACS (9,815 patients), aiming to assess the proportion of in-hospital major clinical events.
Users of ACE inhibitors were compared with nonusers by analyzing demographic characteristics such as medical history, current medications, clinical presentation, electrocardiographic changes on admission and laboratory tests, including troponin and creatine kinase MB isoenzyme (CK-MB). When compared to our study, also high-risk, and taking into account the period when data were obtained, the treatment did not follow the most current guidelines for these ischemic syndromes and approximately 20% of patients with ACS and diabetes mellitus did not receive ACE inhibitors. As for the results, users of ACE inhibitors, when compared to non-users, had lower release of biomarkers within the first 24 hours (76.3% vs. 67.3%, p <0.001). Hospital mortality was higher in ACE inhibitor users (p = 0.012), but this became non-significant when the model was adjusted for other prognostic factors and use of other medications. The authors concluded that the prior use of ACE inhibitors is not independently associated with reduced in-hospital major clinical events, such as death or re-infarction after NSTE-ACS or STE-ACS. There was underutilization of antiplatelet and anticoagulant agents, as well as of coronary angiographies and percutaneous coronary interventions in patients using ACE inhibitors and in many patients with renal dysfunction, leading to a smaller number of hemodynamic studies and consequently, to the reduction of percutaneous coronary intervention.
Factors such as non-randomization, exclusion of patients who did not survive hospitalization, incomplete data on the use of other antagonists of the renin-angiotensin-aldosterone system, non-reported dose of medications, duration of prior treatment with ACE inhibitors, adherence to medication and peak myocardial necrosis marker, which was not established by the study protocol (and may underestimate its true magnitude and diagnosis of re-infarction) may have affected the results.
In comparison, our study was prospective and observational, did not exclude any patient during the specified period, regardless of age, creatinine level or any other demographic characteristic, and included a population at high cardiovascular risk (Table 1) , fully medicated, according to the national 33 and North-American guidelines 2 (Table 2) .
Historically, it is known that patients with renal dysfunction and the elderly are often excluded from clinical trials, as they increase the risk of severe clinical events and difficulties in therapeutic management, thus interfering with its optimization, as well as the fact that percutaneous treatment is not contemplated when indicated. In this study, no patient was excluded during the stipulated period and the best approach was used on admission, either percutaneous or surgical, always in agreement with the medical staff, patients and their families. However, patients with renal dysfunction and the elderly showed a significant increase in mortality at 180 days (p < 0.001).
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The present study was designed in an attempt to demonstrate whether there would be a reduction in myocardial necrosis marker troponin I associated with the use of ACE inhibitors, taking into account other variables that could interfere with this biomarker's release.
In the proposed statistical model, when troponin levels were compared (> 0.5 ng / dL vs. ≤ 0.5 ng / dL) in patients who used ACE inhibitors, a "protective effect" was observed, as the statistical analysis of final model showed a negative beta coefficient (-0.520) and OR = 0.59, 95%CI = 0.35 to 0.99, p = 0.048) ( Table 4) . Considering these results, the correlation between the use of ACE inhibitors and lower release of troponin in patients with NSTE-ACS was evident.
However, this correlation has not translated into a reduction in severe clinical events such as death and re (infarction) at 180 days. In our series, in-hospital mortality of 2.2% and mortality at 180 days of 6.2% are considered low; thus, it is observed that the use of ACE inhibitors prior to hospitalization was not associated with the decrease in death rates.
Some authors observed that the beneficial clinical effects from the use of ACE inhibitors became apparent only after about 1 year 38 . In this research, we used a minimum of 30 days prior to admission as time of medication use for inclusion criteria in the study.
Another matter concerns the differences between ACEIs because, in our study, these drugs were considered as belonging to a "class". A Canadian study evaluating different classes of ACE inhibitors used after an AMI, used for a one-year period, showed benefits in survival according to the ACE inhibitor used in patients aged > 65 years 39 However, the three major groups of ACE inhibitors show important pharmacological differences due to their chemical structure, and thus it can lead to different clinical effects 40 .
However, despite this correlation of cardiac troponin I with the use of ACE inhibitors, many demographic, clinical and laboratory factors are implicated in this broad-spectrum population with NSTE-ACS to significantly correlate it with the reduction in serious clinical events, such as and death re-infarction within a period of 180 days.
The study of other populations, different from the one evaluated by this study, could lead to other results, but at present there is no record in the medical literature of another study that includes a population with such significant cardiovascular risk or using such comprehensive therapy, widely recommended by the main worldwide renowned cardiology societies and that demonstrates such a statistically significant association between the use of ACE inhibitors and necrosis marker tropinin I in patients with NSTE-ACS.
However, when interpreting this research, in spite of the correlation of cardiac troponin I with the use of ACE inhibitors, many demographic, clinical and laboratory factors would be implicated in this broad-spectrum population with NSTE-ACS, to correlate it significantly with the reduction in severe clinical events such as death and re (infarction) at 180 days.
Conclusion
This study demonstrated that patients hospitalized for NSTE-ACS that had previously used ACE inhibitors showed decreased levels of the myocardial necrosis marker troponin I. However, there are no data available yet to affirm that this reduction could lead to a smaller number of severe clinical events, such as death and re-infarction at 180 days.
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